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system 



(57) A lithographic projection apparatus comprising: 
a radiation system for providing a projection beam of ra- 
diation; a support structure for supporting patterning 
means, the patterning means serving to pattern the pro- 
jection beam according to a desired pattern; a substrate 
tablet or holding a substrate; a projection system for pro- 
jecting the patterned beam onto a target portion of the 
substrate; an illumination system for conditioning said 
beam of radiation beam so as to provide a conditioned 



radiation beam so as to be able to illuminate said pat- 
terning means; and a beam delivery system comprising 
redirecting elements for redirecting and delivering said 
projection beam from said radiation system to said illu- 
mination system. The radiation beam is arranged to 
have a predetermined polarization state and said redi- 
recting elements are arranged to provide a minimum ra- 
diation loss in relation to said predetermined polariza- 
tion state of said radiation beam. 
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Description 

[0001] The present invention relates to a lithographic 
projection apparatus comprising: a radiation system for 
providing a projection beam of radiation ; a support struc- 
ture for supporting patterning means, the patterning 
means serving to pattern the projection beam according 
to a desired pattern; a substrate table for holding a sub- 
strate; a projection system for projecting the patterned 
beam onto a target portion of the substrate; 
said radiation system further comprising: an illumination 
system for conditioning said beam of radiation so as to 
provide a conditioned radiation beam to illuminate said 
patterning means; and a beam delivery system compris- 
ing redirecting elements for redirecting and delivering 
said beam from a radiation source to said illumination 
system. 

[0002] The term "patterning means" as here em- 
ployed should be broadly interpreted as referring to 
means that can be used to endow an incoming radiation 
beam with a patterned cross -sect ion, corresponding to 
a pattern that is to be created in a target portion of the 
substrate; the term "light valve" can also be used in this 
context. Generally, the said pattern will correspond to a 
particular functional layer in a device being created in 
the target portion, such as an integrated circuit or other 
device (see below). Examples of such pattern ing means 
include: 

A mask. The concept of a mask is well known in 
lithography, and it includes mask types such as bi- 
nary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask in the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired; 

A programmable mirror array. One example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-adressable 
surface. An alternative embodiment of a program- 
mable mirror array employs a matrix arrangement 
of tiny mirrors, each of which can be individually tilt- 



2 

ed about an axis by applying a suitable localized 
electric field, or by employing piezoelectric actua- 
tion means. Once again, the mirrors are matrix-ad- 
dressable, such that addressed mirrors will reflect 

5 an incoming radiation beam in a different direction 

to unaddressed mirrors; in this manner, the reflect- 
ed beam is patterned according to the addressing 
pattern of the matrix-adressable mirrors. The re- 
quired matrix addressing can be performed using 

10 suitable electronic means. In both of the situations 
described hereabove, the patterning means can 
comprise one or more programmable mirror arrays. 
More information on mirror arrays as here referred 
to can be gleaned, for example, from United States 

15 Patents US 5,296,891 and US 5,523,1 93, and PCT 
patent applications WO 98/38597 and WO 
98/33096, which are incorporated herein by refer- 
ence. In the case of a programmable mirror array, 
the said support structure may be embodied as a 

20 frame or table, for example, which may be fixed or 
movable as required; and 

A programmable LCD array. An example of such a 
construction is given in United States Patent US 
5,229,872, which is incorporated herein by refer- 
25 ence. As above, the support structure in this case 
may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

[0003] For purposes of simplicity, the rest of this text 

30 may, at certain locations, specifically direct itself to ex- 
amples involving a mask and mask table; however, the 
general principles discussed in such instances should 
be seen in the broader context of the patterning means 
as hereabove set forth. 

35 [0004] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the patterning means may 
generate a circuit pattern corresponding to an individual 
layer of the IC, and this pattern can be imaged onto a 

40 target portion (e.g. comprising one or more dies) on a 
substrate (silicon wafer) that has been coated with a lay- 
er of radiation-sensitive material (resist). In general, a 
single wafer will contain a whole network of adjacent tar- 
get portions that are successively irradiated via the pro- 

45 jection system, one at a time. In current apparatus, em- 
ploying patterning by a mask on a mask table, a distinc- 
tion can be made between two different types of ma- 
chine. In one type of lithographic projection apparatus, 
each target portion is irradiated by exposing the entire 

so mask pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a wafer stepper 
or step-and-repeat apparatus. In an alternative appara- 
tus — commonly referred to as a step-and-scan appa- 
ratus — each target portion is irradiated by progressive- 

55 |y scanning the mask pattern under the projection beam 
in a given reference direction (the "scanning" direction) 
while synchronously scanning the substrate table par- 
allel or anti-parallel to this direction; since, in general, 
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the projection system will have a magnification factor M 
(generally < 1 ), the speed V at which the substrate table 
is scanned will be a factor M times that at which the mask 
table is scanned. More information with regard to litho- 
graphic devices as here described can be gleaned, for 
example, from US 6,046,792, incorporated herein by 
reference. 

[0005] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 
by a layer of radiation-sensitive material (resist). Prior 
to this imaging step, the substrate may undergo various 
procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 
(PEB), development, a hard bake and measurement/in- 
spection of the imaged features. This array of proce- 
dures is used as a basis to pattern an individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, ion-implan- 
tation (doping), metallization, oxidation, chemo-me- 
chanical polishing, etc., all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually, an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further information regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0006] For the sake of simplicity/the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam, and such components may also be re- 
ferred to below, collectively or singularly, as a "lens". 
Fu rther, the lithographic apparatus may be of a type hav- 
ing two or more substrate tables (and/or two or more 
mask tables). In such "multiple stage" devices the addi- 
tional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Dual stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and WO 98/40791 , both incor- 
porated herein by reference. 

[0007] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 



possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid crystal display panels, thin film magnetic 

5 heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 

10 [0008] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation, including ultraviolet (UV) radiation 
(e.g. with a wavelength of 365, 248, 1 93, 1 57 or 1 26 nm) 
and extreme ultra-violet (EUV) radiation (e.g. having a 

is wavelength in the range 5-20 nm), as well as particle 
beams, such as ion beams or electron beams. 
[0009] Prior art photolithographic systems generally 
comprise a radiation source located at a certain distance 
from the actual projection system. In most setups, the 

20 generators of radiation, such as laser systems or the 
like, are situated in another location, oftentimes even on 
a different floor in a building. A regular setup for such a 
lithographic system is a laser that is located on one floor 
of a building, and an illumination and projection system 

25 that is located on another floor. Small or large, such a 
distance introduces the need for a beam delivery system 
for transporting and delivering the beam from the radi- 
ation source to the location where the incident radiation 
is actually used in the photolithographic process, i.e. to 

30 an illumination system wherein the radiation beam is 
first conditioned so as to provide optimal illumination 
characteristics, and then projecting the beam in orderto 
transfer a lithographic pattern from a patterning means, 
such as a mask, to a target material. 

35 [0010] The beam delivery systems generally com- 
prise a set of reflective mirrors and other light guiding 
elements. An illustrative setup for such prior art beam 
control is for instance depicted in fig. 2. In the ever in- 
creasing demand for higher resolution and throughput 

40 of the photolithographic process, a necessity arises to 
further improve the quality of the radiation beam in the 
photolithographic system. In particular, it has been 
found, that in orderto obtain a high throughput and good 
photolithographic results, a generally high intensity of 

45 the radiation beam is required. Especially in more ad- 
vanced photolithography, wherein deep ultraviolet light 
(DUV, typically ranging from 248-127 nm) is used, or 
even extreme ultraviolet light (EUV e.g. having a wave- 
length in the range 5-20 nm), it has been shown to be 

so increasingly difficult and expensive to generate a radia- 
tion beam having suitable energetic characteristics. 
[0011] Therefore a need arises to modify the current 
photolithographic system in order to minimize energy 
loss, in particular to maximize the energy transmission 

55 by the beam delivery system from the radiation source 
to the illumination system. 

[0012] Hence, the invention has as one of its objects 
to provide a photolithographic system which is arranged 
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in order to provide a maximal energy output, while min- 
imizing costs and adaptations. The invention has as a 
further object to simplify the beam delivery system, in 
order to provide a beam delivery system that has less 
complexity and is more versatile in meeting require- 
ments for bridging certain distances. 
[001 3] To achieve these and other objects, the inven- 
tion provides a photolithographic system according to 
the features recited in the preamble of claim 1 , wherein 
said radiation source is arranged to provide a beam hav- 
ing a predetermined polarization state and said redirect- 
ing elements are arranged to provide a minimum radia- 
tion loss in relation to said predetermined polarization 
state of said radiation beam. 

[0014] In this way, reflective losses are prevented to 
a minimum, thus generating a higher beam intensity 
while avoiding the need to provide more powerful radi- 
ation systems. In a preferred embodiment of the inven- 
tion, said redirective elements are dielectric mirror ele- 
ments and said proj ection beam is arranged to have an 
S-polarisation relative to each of said mirror elements. 
It has been found that such an S-polarisation state, that 
is, a polarization state that is perpendicular to the plane 
of incidence spanned by an incoming and reflected 
beam, shows a considerably higher reflection than a P- 
polarisation state. In the latter state, the polarization di- 
rection of the lightbeam is in the plane of incidence. 
[0015] In order to modify the polarization state of the 
radiation beam to an optimal s-polarization state respec- 
tive to a reflecting surface, said beam delivery system 
preferably comprises at least one polarizing plate, such 
as for example a well known half lambda plate. 
[0016] In one embodiment, said polarizing plate is in- 
tegral with at least one of said mirror elements, which 
may be presented in its own right as a separate inven- 
tion. The polarizing plate may be bonded to at least one 
of said mirror elements. Such embodiments offer as an 
advantage, that relatively little adaptations to existing 
systems have to be made: an ordinary reflective dielec- 
tric mirror is replaced by a mirror according to the inven- 
tion without further adaptations being necessary. 
[0017] According to the invention, an intensity in- 
crease of up to 5 % per reflection may be feasible. 
Hence, in a commonly used setup wherein a beam de- 
livery system uses some five redirecting mirrors, by us- 
ing the photolithographic system of the invention, an in- 
crease of light radiation power may be attained of up to 
20%. Such a profit may be invested in either a larger 
degree of freedom in configuring the photolithographic 
system, allowing more redirecting mirrors to be used in 
the beam delivery system. Conversely, less restrictive 
demands may be placed on the radiation system, since 
the beam delivery system according to the invention al- 
lows a higher transmission of the radiation beam. The 
number of mirrors may even be reduced if the beam is 
shaped according to certain symmetry properties (such 
as for example a square shape), eliminating the need to 
rotate the beam in a proper orientation. Specifically, due 
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to the usually rectangular cross-section of the light 
beam, bending angles different from 90° are generally 
not preferable in the beam delivery system. Such a spe- 
cific rectangular shape may introduce the need for ad- 

5 ditional mirrors in order to rotate the beam to a desired 
orientation. Therefore, in a preferred embodiment, in or- 
der to reduce the number of reflections, a cross section 
of said radiation beam is of a square shape prior to en- 
tering said beam delivery system. It is noted, that, while 

10 presented here as a preferred embodiment, the method 
of using a generally square beam may be used in its 
own right and may be presented as a separate inven- 
tion. 

[0018] The invention further relates to a device man- 
15 ufacturing method comprising the steps of: providing a 
substrate that is at least partially covered by a layer of 
radiation-sensitive material; providing a projection 
beam of radiation using a radiation system; using pat- 
terning means to endow the projection beam with a pat- 
tern in its cross-section; projecting the patterned beam 
of radiation onto a target portion of the layer of radiation- 
sensitive material; providing an illumination system for 
conditioning said beam of radiation beam to illuminate 
said patterning means; providing redirecting elements 
for redirecting and delivering said projection beam from 
a radiation source to said illumination system; arranging 
said radiation beam to have a predetermined polariza- 
tion state; and arranging said redirecting elements to 
provide a minimum radiation loss in relation to said pre- 
determined polarization state of said radiation beam. 
[0019] In a preferred embodiment, the method com- 
prises arranging said projection beam to have an S-po- 
larisation state relative to each of said redirecting ele- 
ments. 

[0020] The invention further relates to a mirror ele- 
ment comprising a dielectric reflective layer and a po- 
larizing layer for providing a predetermined polarization 
state of said radiation beam relative to said reflective 
layer, said polarizing layer being integral with said die- 
lectric reflective layer. 

[0021] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying schematic drawings in which corre- 
sponding reference symbols indicate corresponding 
parts, and in which: 

Figure 1 depicts a lithographic projection apparatus 
according to an embodiment of the invention; 
Figure 2 depicts a beam delivery system of a litho- 
graphic projection apparatus; 
Figure 3 depicts one embodiment according to the 
invention; 

Figure 4 depicts another embodiment according to 
the invention; and 

Figure 5 depicts a reflective mirror element accord- 
ing to the invention. 
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Embodiment 1 . 

[0022] Figure 1 schematically depicts a lithographic 
projection apparatus 1 according to a particular embod- 
iment of the invention. The apparatus comprises: 

a radiation system Ex, 2, IL, for supplying a projec- 
tion beam PB of radiation (e.g. light in the deep ul- 
traviolet region). In this particular case, the radiation 
system also comprises a radiation source LA; 
a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 
"~and connected to first positioning means PM for ac- 
curately positioning the mask with respect to item 
PL; 

a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a resist coated silicon wafer), and connected to 
second positioning means PW for accurately posi- 
tioning the substrate with respect to item PL; and 
a projection system ("lens") PL for imaging an irra- 
diated portion of the mask MA onto a targei portion 
C (e.g. comprising one or more dies) of the sub- 
strate W. 

[0023] As here depicted, the apparatus is of a reflec- 
tive type (i.e. has a reflective mask). However, in gen- 
eral, it may also be of a transmissive type, for example 
(with a transmissive mask). Alternatively, the apparatus 
may employ another kind of patterning means, such as 
a programmable mirror array of a type as referred to 
above. 

[0024] The source LA (e.g. an excimer laser) produc- 
es a beam of radiation. This beam is fed into an ILIumi- 
nation system (illuminator) IL, either directly or after hav- 
ing traversed conditioning means, such as a beam ex- 
pander Ex, for example. The illuminator IL may com- 
prise adjusting means AM for setting the outer and/or 
inner radial extent (commonly referred to as s-outer and 
s-inner, respectively) of the intensity distribution in the 
beam. In addition, it will generally comprise various oth- 
er components, such as an integrator IN and a condens- 
er CO. In this way, the beam PB impinging on the mask 
MA has a desired uniformity and intensity distribution in 
its cross-section. 

[0025] It should be noted with regard to figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 
led into the apparatus (e.g. with the aid of a beam de- 
livery system 2); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and claims encompass both of these scenarios. 
[0026] The beam PB subsequently intercepts the 
mask MA, which is held on a mask table MT Having 
traversed the mask MA, the beam PB passes through 
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the lens PL, which focuses the beam PB onto a target 
portion C of the substrate W. With the aid of the second 
positioning means PW (and interferometric measuring 
means IF) : the substrate table WT can be moved accu- 
rately, e.g. so as to position different target portions C 
in the path of the beam PB. Similarly, the first positioning 
means PM can be used to accurately position the mask 
MA with respect to the path of the beam PB, e.g. after 
mechanical retrieval of the mask MA from a mask library, 
or during a scan. In general, movement of the object ta- 
bles MT, WT will be realized with the aid of a long-stroke 
module (coarse positioning) and a short-stroke module 
(fine positioning), which are not explicitly depicted in fig- 
ure 1 . However, in the case of a wafer stepper (as op- 
posed to a step-and-scan apparatus) the mask table MT 
may just be connected to a short stroke actuator, or may 
be fixed. Mask MA and substrate W may be aligned us- 
ing mask alignment marks M1 , M2 and substrate align- 
ment marks P1, P2. 

[0027] The depicted apparatus can be used in two dif- 
ferent modes: 

1 . In step mode, the mask table MT is kept essen- 
tially stationary : and an entire mask image is pro- 
jected in one go (i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 
the x and/or y directions so that a different target 
portion C can be irradiated by the beam PB; and 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V = Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

[0028] In figure 2, a more detailed drawing of a beam 
delivery system 2 is illustrated, in the figure, a radiation 
beam exits an excimer laser source 3 for generating la- 
ser light in the DU V or VU V-range (for example 248, 1 93 , 
157, or 127 nm). The beam enters a beam expander 
unit 4, wherein the beam is adjusted to have a required 
cross-section. The beam expander unit 4 is connected 
to a tubing 5 for providing a closed environment for 
transporting the laser light. Usually, this tubing 5 com- 
prises a purposive gas, for example, pure nitrogen gas 
in order to provide an optimal transmission for the light 
beam. In this context transmission of a beam delivery 
system may be defined as the ratio of outcoming and 
incoming energy in the beam delivery system, that is the 
energy Ebd measured near an entrance port 6 of the 
illumination system 7 and the output energy EL of the 
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laser system. 

[0029] The tubing 5 is generally designed to provide 
a transport in a protective environment and is usually 
comprising a plurality of straight tubes 8 t connected 
through 90° bends 9. These bends 9 comprise a redi- 
recting element, usually, a dielectric mirror oriented at 
45° with respect to an incoming beam direction. Due to 
the usually rectangular cross-section of the light beam, 
bending angles different from 90° are generally not pref- 
erable. However, depending on the symmetry proper- 
ties of the cross section, other angles may be used as 
well. 

[0030] According to the invention, the polarization 
state of the light beam is tuned so that it has a prede- 
termined polarization to provide a minimum radiation 
loss. Specifically, the beam is arranged to have an S- 
polarization state with respect to the dielectric mirror el- 
ements in the bends 9 of the beam delivery system. 
[0031] Figure 3 shows one embodiment of the inven- 
tion. Here, a laser beam 10 having a certain character- 
istic cross section 1 1 is led through a set of lenses 1 2, 
modifying the horizontal and vertical span of the beam. 
As a result a generally square beam 13 is generated, 
that is reflected upon a first bending mirror 1 4, providing 
a 90° bend that is oriented downwards. The laser beam 
is generated by a laser source 3, that provides a sub- 
stantially horizontal polarization state 1 5, in the figure in 
the Y-direction. In principle, the laser 3 may be tuned to 
provide different polarizations, but this is in practice a 
quite considerable modification which cannot be per- 
formed without dramatic redesign. As depicted in the fig- 
ure, the plane of incidence is spanned by Poynting vec- 
tor Pi of the incoming light beam and Poynting vector Pr 
of the reflected light beam 13. Clearly, the polarization 
15 is perpendicular to the plane of incidence, which for 
reflective mirror 14 is parallel to the X-Z plane. Hence, 
the beam 13 reflects on the first bending mirror 14 in S- 
mode, allowing an optimal reflection in the order of 98 
% of the original beam intensity. 

[0032] The polarization direction is unaltered by the 
reflection, hence still in Y-direction. Since the plane of 
incidence in the second mirror 1 6 is oriented parallel to 
the X-Y plane, if unchanged, the polarization state would 
be parallel to the plane of incidence, which means a p- 
polarization relative to the second bending mirror 16. 
Here, a reduced transmission of the beam 13 would re- 
sult, which would be for a dielectric mirror generally used 
for these bending mirrors amount to approximately only 
94%. 

[0033] According to the invention, in order to provide 
an S-orientation with respect to the second bending mir- 
ror 16, a polarizing plate 17 is inserted in the radiation 
beam path. Due to the 90° bending angles, the polari- 
zation state of the beam is also to be rotated by 90°, for 
example by a half lambda plate 17, that is, a transmis- 
sive plate having a thickness such that its birefringence 
causes a phase shift of an integer multiple of the wave- 
length of the radiation beam plus one half of a wave- 



length between the two orthogonal components of the 
polarization vector. Furthermore, the polarizing plate 17 
must have dimensions larger than a cross section of the 
radiation beam 13, which is in practice a dimension of 
5 approx. 5x5 cm. By the polarizing plate 17 inserted in 
the path of the radiation beam 10, the polarization state 
15 of the radiation beam is rotated 90° and is then in an 
s-polarization state relative to the second bending mirror 
16. 

10 [0034] Figure 4 shows an alternative setup of the 
beam delivery system 2, wherein no need exists for 
modifying a polarization state of the beam since all re- 
flections are of the s-polarization type. In this setup, the 
beam delivery system 2 comprises straight beam deliv- 

is ery trajectories 18 and bending points 9, all lying in the 
same plane. For the sake of clarity, not all trajectories 
in the drawing are referenced by reference numeral 
18.This plane is parallel to each plane of incidence for 
every reflective element. The laser 3 generates a hori- 

20 zontally polarized radiation beam, in the figure pointing 
in theZ-direction. The beam reflects downwards parallel 
to the X-direction by a first reflective element 19. This 
first reflective element is a rotatable, so-called beam 
steering mirror. By slightly rotating the beam steering 

25 mirror 19, a translation of the beam is introduced near 
the illumination system 7. The beam is further guided 
towards the illumination system 7 by reflective mirrors 
that are positioned at a (near) 45° angle with respect to 
an incoming light beam. Hence the bends 9 introduce 

30 90° (or very close to that amount) angles in the beam 
delivery system 2. In the setup of figure 4, the beam is 
further guided towards the illumination system 7 and is 
reflected by a second beam steering mirror 20, which, 
because of its close position to the illuminator, introduc- 
es es mainly a variation in pointing direction of the beam in 
the illuminator 7. Further mirrors are inside the illumina- 
tion system and beyond, which are schematically de- 
picted by an Energy sensor mirror ES and REMA mirror 
near the reticle. The path of the beam near or in the il- 

40 luminator7 and beyond is depicted by dotted lines. Each 
of these reflective mirrors are oriented as to have par- 
allel planes of incidence. In order not to require an extra 
90° rotation of the beam, preferably the beam is of a 
square cross section. Hence, for every bend in said set- 

45 up, a polarization state remains unaltered in a perpen- 
dicular direction relative to incoming and outgoing radi- 
ation paths, providing an optimal S-polarization reflec- 
tion. 

[0035] Under practical circumstances however, it is 
50 often required to have one or more so called beam 
breaks or beam rotations, the latter being defined as a 
rotation of the plane of incidence between two succes- 
sive reflections (as illustrated in figure 3). Alternatively, 
depending on the specific beam delivery setup, one may 
55 decide to deliberately add one extra beam rotation so 
as to obtain less p-type reflections and more s-type re- 
flections, without using any polarizing plate whatsoever. 
[0036] Figure 5 depicts an embodiment of the inven- 
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wherein said redirecting elements are dielectric mir- 
ror elements and said beam is arranged to have an 
S-polarisation state relative to each of said mirror 
elements. 

5 

3. A lithographic apparatus according to any of the 
preceding claims, wherein said beam delivery sys- 
tem comprises at least one polarizing plate for mod- 
ifying a polarization state of said radiation beam. 

10 

4. A lithographic apparatus according to claim 3, 
wherein said polarizing plate is a half lambda plate. 

5. A lithographic apparatus according to claims 3 -4, 
15 wherein said polarizing plate is integral with at least 

one of said mirror elements. 

6. A lithographic apparatus according to claim 5, 
wherein said polarizing plate is bonded to at least 

20 one of said mirror elements. 

7. A lithographic apparatus according to any of the 
preceding claims, wherein each of said redirecting 
elements defines a plane of incidence, and wherein 

25 all planes of incidence of all redirecting elements 
are parallel to each other. 

8. A mirror element comprising a dielectric reflective 
layer and a polarizing layer for providing a prede- 

30 termined polarization state of a radiation beam rel- 
ative to said reflective layer, said polarizing layer be- 
ing integral with said dielectric reflective layer. 

9. A mirror element according to claim 8, wherein said 
35 polarizing layer is a half lambda layerf or light having 

a predetermined wavelength in the range of 
248-127 nm. 



tion for use in a lithographic apparatus. A mirror 21 is 
shown which is optimized for p-type polarization reflec- 
tion. That is, the mirror comprises a dielectric reflective 
layer 22 and a polarizing layer 23 for providing a prede- 
termined polarization state of said radiation beam rela- 
tive to said reflective layer, said polarizing layer being 
integral with said dielectric reflective layer. From the fig- 
ure it becomes clear that an incoming beam of radiation, 
having p-type polarization 24 with respect to a plane of 
incidence, traverses said polarizing layer 23, such as for 
example a half lambda layer, thereby changing the po- 
larization orientation by 90°. Hence, near the reflective 
layer, tha polarizing state of the beam is modified to S- 
type polarization 25, offering optimal reflection. The re- 
flected beam traverses the polarizing layer 23 once 
again in opposite direction and exits with a modified po- 
larization, which is again p-type with respect to the plane 
of incidence. 

[0037] Whilst specific embodiments of the invention 
have been described above, it will be appreciated that 
the invention may be practiced otherwise than as de- 
scribed. The description is not intended to limit the in - 
vention. 



Claims 

1 . A lithographic apparatus comprising: 

a radiation system for providing a projection 

beam of radiation; 

a support structure for supporting patterning 

means, the patterning means serving to pattern 
the projection beam according to a desired pat- 
tern; 

a substrate table for holding a substrate; 

a projection system for projecting the patterned 

beam onto a target portion of the substrate; said 
radiation system further comprising: 

o an illumination system for conditioning a 
beam of radiation so as to provide a condi- 
tioned projection beam of radiation so as 
to be able to illuminate said patterning 
means: and 

o a beam delivery system comprising redi- 
recting elements for redirecting and deliv- 
ering said beam from a radiation source to 
said illumination system 

characterized in that said radiation source is ar- 
ranged to provide a beam having a predetermined 
polarization state and said redirecting elements are 
arranged to provide a minimum radiation loss in re- 
lation to said predetermined polarization state of 
said radiation beam. 

2. A lithographic apparatus according to claim 1, 



10. A device manufacturing method comprising the 
40 steps of: 

— providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
rial; 

45 — providing a projection beam of radiation using 
a radiation system; 

— using patterning means to endow the projection 
beam with a pattern in its cross-section; and 

— projecting the patterned beam of radiation onto 
so a target portion of the layer of radiation-sensi- 
tive material, 

— providing an illumination system for condition- 
ing a beam of radiation to be able to illuminate 
said patterning means; and 

55 — providing redirecting elements for redirecting 
and delivering said beam from said radiation 
source to said illumination system; 
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characterized in that the method further 
comprises the steps of 

arranging said radiation beam to have a prede- 
termined polarization state; and 

— arranging said redirecting elements to provide 
a minimum radiation loss in relation to said pre- 
determined polarization state of said radiation 
beam. 

11. a method according to claim 1 0, the method further 
comprising arranging said beam to have an S-po- 
larisation state relative to each of said redirecting 
elements. 

12. A method according to any of claims 10-11, wherein 
said beam of radiation which is redirected from said 
radiation source to said illumination system is pro- 
vided with a square cross-section. 

13. A beam delivery system to be used in a lithographic 
apparatus according to any of claims 1 -7. 
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